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,
. $\Omega$ $R^{n}$ , $\Gamma=\partial\Omega$ . ,
$Q=(0, T)\cross\Omega$ $\Sigma=(0, T)\cross\Gamma$ .
:
$\{\begin{array}{ll}\frac{\partial^{2}y}{\partial t^{2}}-\nabla\cdot(a(x)\nabla y+b(x)\nabla\frac{\partial y}{\partial t})=c(x)F(y)+f in Q,y=0 on \Sigma, y(0,x)=y_{0}(x), \frac{\partial y}{\partial t}(0, x)=y_{1}(x) in \Omega. \end{array}$ (1.1)
, $a(x)$ , $b(x)$ , $c(x)$ , $y_{0}(x),$ $y_{1}(x)$
, $F:Rarrow R$ , $f$ .
, ,
(Fitzgibbon [3], Hale [10], Temam [14] ). (1.1) , $a(x),$ $b(x),$ $c(x)$
. , $q=(a, b, c)$




$q=(a, b, c)$ G\^ateaux .
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, , (1.1) . ,
2 $q=(a, b, c)$ ,
, \langle (cf. Ahmed
[1], Lions [11], Omatu and Seinfeld [13]).
2 Ha and Nakagiri [4,5,6,7,8],
Ha, Nakagiri and Tanabe [9], Nakagiri and Ha [12] .
2
(1.1)
$y_{0}\in H_{0}^{1}(\Omega)$ , $y_{1}\in L^{2}(\Omega),$ $f\in L^{2}(0,T;H^{-1}(\Omega))$ (2.1)
. $a,$ $b,$ $c$ ,
$a,$ $b,$ $c\in L^{\infty}(\Omega)$ , $a(x)\geq a_{0}>0$ , $b(x)\geq b_{0}>0$ , $a.e$ . $x\in\Omega$ (2.2)
. $F:Rarrow R$ , .
$(H1)K_{1}>0$
$|F(s)-F(r)|\leq K_{1}|s-r|$ , $\forall s,$ $r\in R$ . (2.3)
$(H1)$ ,
$\exists K_{2}>0$ ; $|F(s)|\leq K_{2}(1+|s|)$ , $\forall s\in R$ . (2.4)
(11) , 2 $L^{2}(\Omega)$ $H_{0}^{1}(\Omega)$
. .
$( \psi, \phi)=\int_{\Omega}\psi(x)\phi(x)dx$ , $|\psi|=(\psi, \psi)^{1/2}$ , $\forall\phi,$ $\psi\in L^{2}(\Omega)$ ,
$(( \psi, \phi))=(\nabla\psi, \nabla\phi)=\sum_{i=1}^{n}\int_{\Omega}\frac{\partial}{\partial x_{i}}\psi(x)\frac{\partial}{\partial x_{i}}\phi(x)dx$ , $\Vert\psi\Vert=((\psi, \psi))^{1/2}$ , $\phi,$ $\psi\in H_{0}^{1}(\Omega)$ .
$H^{-1}(\Omega)$ , $H_{0}^{1}(\Omega)$ , $H_{0}^{1}(\Omega)$ $H^{-1}(\Omega)$ , \rangle .
$F$ $(H1)$ , $F:L^{2}(\Omega)arrow L^{2}(\Omega)$
$F(\psi)(x)=F(\psi(x))$ $a.e$ . $x\in\Omega$ , $\forall\psi\in L^{2}(\Omega)$ (2.5)
,
$|F( \psi)|^{2}=\int_{\Omega}|F(\psi(x))|^{2}dx\leq 2K_{2}^{2}(|\Omega|+|\psi|^{2})$ , $\forall\psi\in L^{2}(\Omega)$ (2.6)
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Lipschitz
$|F(\phi)-F(\psi)|\leq K_{1}|\phi-\psi|$ , $\forall\phi,$ $\psi\in L^{2}(\Omega)$ (2.7)
. (2.6) , $|\Omega|$ $\Omega$ .
(1.1) $W(O, T)$ , .
$W(0,T)=\{g|g\in L^{2}(0, T;H_{0}^{1}(\Omega)), g’\in L^{2}(0, T;H_{0}^{1}(\Omega)), g’’\in L^{2}(0,T;H^{-1}(\Omega))\}$ .
,
$\Vert g||_{W(0,T)}=(\Vert g\Vert_{L^{2}(0,T;H_{0}^{1}(\Omega))}^{2}+\Vert g’\Vert_{L^{2}(0,T;H_{0}^{1}(\Omega))}^{2}+\Vert g’’\Vert_{L^{2}(0,T;H^{-1}(\Omega))}^{2})^{\frac{1}{2}}$
. $\mathcal{D}’(0, T)$ , $(0, T)$ . Dautray and Lions
[2] , (1.1) . , $y$ (11)
, $y\in W(O, T)$ , $y$ .
$\{\begin{array}{l}\langle y’’(\cdot), \phi\rangle+(a\nabla y(\cdot)+b\nabla y’(\cdot), \nabla\phi)=(cF(y(\cdot)), \phi)+(f(\cdot),\phi\rangle\forall\phi\in H_{0}^{1}(\Omega)(D’(O, T)y(0)=y_{0}\in H_{0}^{1}(\Omega),y’(0)=y_{1}\in L^{2}(\Omega)\end{array}$
Theorem 2.1 $F$ $(H1)$ , $y_{0},$ $y_{1},$ $f$ (2.1) , $a,$ $b,$ $c$
(2.2) . , (1.1) 1 $y\in W(O, T)$ .
$y$ .
$|y’(t)|^{2}+| \nabla y(t)|^{2}+\int_{0}^{t}|\nabla y’(s)|^{2}ds$
$\leq C(1+\Vert y_{0}\Vert^{2}+|y_{1}|^{2}+\Vert f||_{L^{2}(0,T;H^{-1}(\Omega))}^{2})$ , $\forall t\in[0, T]$ . (2.8)





$q=(a, b, c)$ , (Modified) :
$\{\begin{array}{ll}\frac{\partial^{2}y}{\partial t^{2}}-\nabla\cdot((a^{2}(x)+a_{0})\nabla y+(b^{2}(x)+b_{0})\nabla\frac{\partial y}{\partial t})=c(x)F(y)+f in Q,y=0 on \Sigma, y(O,x)=y_{0}(x), \frac{\partial y}{\partial t}(0,x)=y_{1}(x) in \Omega. \end{array}$ (3.1)
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(3.1) , $a_{0},$ $b_{0}>0,$ $y_{0}\in H_{0}^{1}(\Omega),$ $y_{1}\in L^{2}(\Omega),$ $f\in L^{2}(0, T;H^{-1}(\Omega))$
, $a(x),$ $b(x),$ $c(x),$ $L^{\infty}(\Omega)$ .
$q=(a, b, c)$ $\mathcal{P}$
$\mathcal{P}=L^{\infty}(\Omega)\cross L^{\infty}(\Omega)\cross L^{\infty}(\Omega)=L^{\infty}(\Omega)^{3}$ (3.2)
. $\mathcal{P}$ , $\Vert a\Vert_{\infty}=ess\sup_{x\in\Omega}|a(x)|$
$||q||_{P}=||a\Vert_{\infty}+\Vert b\Vert_{\infty}+\Vert c\Vert_{\infty}$ , $\forall q=$
.
$(a, b, c)\in \mathcal{P}$
. Theorem 2.1 , .
$q\in \mathcal{P}arrow y(q)\in W(0, T)$ . (3.3)
(3.3) , H\"older .
Theorem 3.1 $q\in \mathcal{P}arrow y(q)\in W(O, T)$ , $\frac{1}{2}$ H\"older . $\vee\supset$
, $\mathcal{P}$ $K$ $C(K)>0$
$\Vert y(q)-y(\overline{q})||_{W(0,T)}^{2}\leq C(K)\Vert q-\overline{q}||_{\mathcal{P}}$ , $\forall q,\overline{q}\in K$
.
, $F$ G\^ateaux
. , $F$ .
$(H2)F(s)$ , $R$ , $F’(s)$ $\rho$ Holder
.
$|F’(s)-F’(r)|\leq K_{3}|s-r|^{\rho}$ , $|F’(s)|\leq K_{4}$ , $\forall s,$ $r\in R$ . (3.4)
, $0<\rho\leq 1$ $K_{3},$ $K_{4}>0$ .
Proposition 3.1 $(H2)$ . $F$ : $H_{0}^{1}(\Omega)arrow L^{2}(\Omega)$
$F(\psi)(x)=F(\psi(x))$ $a.e$ . $x\in\Omega$ $\forall\psi\in H_{0}^{1}(\Omega)$ (35)
, $n$
$n \leq 2+\frac{2}{\rho}$ (3.6)
. , $F$ : $H_{0}^{1}(\Omega)arrow L^{2}(\Omega)$ Fr\’echet ,
Fr\’echet $\partial_{y}F(y)$ $y=\psi\in H_{0}^{1}(\Omega)$ ,
$\partial_{y}F(\psi)h(x)=F’(\psi(x))h(x)$ $a.e$ . $x\in\Omega$ , $\forall h\in H_{0}^{1}(\Omega)$ (37)
. , Fr\’echet $\partial_{y}F(y)$ $\mathcal{L}(H_{0}^{1}(\Omega), L^{2}(\Omega))$ $y$
, :
$\Vert\partial_{y}F(\psi+h)-\partial_{y}F(\psi)\Vert_{\mathcal{L}(H_{0}^{1}(\Omega),L^{2}(\Omega))}\leq C\Vert h\Vert^{\rho}$ , $\forall\psi,$ $h\in H_{0}^{1}(\Omega)$ . (3.8)
$||\partial_{y}F(\psi)\Vert_{\mathcal{L}(H_{0}^{1}(\Omega),L^{2}(\Omega))}\leq C$, $\forall\psi\in H_{0}^{1}(\Omega)$ . (3.9)
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( ) H\"older , Fr\’echet .
$H_{0}^{1}(\Omega)\llcornerarrow L^{q}(\Omega),$ $\forall q<\infty$ $(n=1,2)$ ; $q=2n/(n-2)$ $(n\geq 3)$ .
Proposition 3.1 , $q\in \mathcal{P}arrow y(q)\in W(O, T)$ G\^ateaux
.
Theorem 3.2 $(H1),$ $(H2)$ , $n$ (3.6) .
, $q\in \mathcal{P}arrow y(q)\in W(O, T)$ ,Ga^teaux $y(q)$ $q=q^{*}=$
$(a^{*}, b^{*}, c^{*})$ , $\overline{q}=(\overline{a}, \overline{b},\overline{c})\in \mathcal{P}$ G\^ateaux $z=Dy(q^{*})\overline{q}$ ,
.
$\{\begin{array}{ll}\frac{\partial^{2}z}{\partial t^{2}}-\nabla\cdot((a^{*2}(x)+a_{0})\nabla z+(b^{*2}(x)+b_{0})\nabla\frac{\partial z}{\partial t})=c^{*}(x)\partial_{y}F(y^{*})z+\mathcal{F}(\overline{q}) in Q,z=0 on \Sigma, z(O, x)=0, \frac{\partial z}{\partial t}(0, x)=0 in \Omega. \end{array}$
(3.10)
$y^{*}=y(q^{*})$
$\mathcal{F}(\overline{q})=\nabla\cdot(2a^{*}\overline{a}\nabla y^{*}+2b^{*}\overline{b}\nabla\frac{\partial y^{*}}{\partial t})+\overline{c}F(y^{*})$ . (3.11)
( ) $q^{*}=(a^{*}, b^{*}, c^{*})$ $\overline{q}=(\overline{a}, \overline{b},\overline{c})$ . $\lambda\in$
$[-1,1],$ $\lambda\neq 0$ ,
$q_{\lambda}=q^{*}+\lambda\overline{q}=(a^{*}+\lambda\overline{a}, b^{*}+\lambda\overline{b}, c^{*}+\lambda\overline{c})$
. ,
$y_{\lambda}=y(q_{\lambda})$ , $y^{*}=y(q^{*})$ , $z_{\lambda}= \frac{y_{\lambda}-y^{*}}{\lambda}(\lambda\neq 0)$
. 3 Step , .
Step 1. (3.10) $z$ .
Step 2. $\{z_{\lambda}\}$ $W(O, T)$ .
Step 3. $z_{\lambda}-z$ $W(O, T)$ $0$ .
Step 3 , $\{z_{\lambda}\}$ (3.10) $z$
Proposition 3.1 . , $F(y_{\lambda})-F(y^{*})$ Fr\’echet
. .
.
$q\in \mathcal{P}arrow y(q)\in W(O, T)$ , R\’echet . ,
.
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Theorem 3.3 3.2 , $y(q)$ $q=q^{*}=(a^{*}, b^{*}, c^{*})$ , $\overline{q}=$
$(\overline{a}, \overline{b}, \overline{c})\in \mathcal{P}$ G\^ateaux $z=Dy(q^{*})\overline{q}$ , $\alpha$
$\frac{\Vert y(q^{*}+\overline{q})-y(q^{*})-Dy(q^{*})\overline{q}\Vert_{W(0,T)}}{\Vert\overline{q}\Vert_{\mathcal{P}}^{\alpha}}arrow 0$ as $\Vert\overline{q}\Vert_{\mathcal{P}}.arrow 0$ (3.12)
. , $\alpha$ $0< \alpha<\frac{1}{2}$ .
4
(3.1) , - 2
.
$J(q)$ $= \int_{Q}|y(q)-z_{d}|^{2}dxdt+\int_{\Omega}|y(q;T)-z_{d}^{T}|^{2}dx$,
$\int_{0}^{T}|y(q;t)-z_{d}(t)|^{2}dt+|y(q;T)-z_{d}^{T}|^{2}$ , $\forall q=(a, b, c)\in \mathcal{P}_{ad}$ . (4.1)
, $z_{d}\in L^{2}(Q)=L^{2}(0, T;L^{2}(\Omega)),$ $z_{d}^{T}\in L^{2}(\Omega)$ { $y(q)$
. $\mathcal{P}_{ad}$ $\mathcal{P}=L^{\infty}(\Omega)^{3}$ , (4.1) 2
.
(i) $\inf_{q\in \mathcal{P}_{ad}}J(q)=J(q^{*})$ $q^{*}\in \mathcal{P}_{ad}$ .
(ii) $q$ , .
(i) , $\mathcal{P}_{ad}$ .
$\mathcal{P}_{ad}$ , $L^{\infty}(\Omega)^{3}$ .
(ii) , $q^{*}=(a^{*}, b^{*}, c^{*})$ . , $J(q)$
$q^{*}$ G\^ateaux $q^{*}$
$DJ(q^{*})(q-q^{*})\geq 0$ , $\forall q\in \mathcal{P}_{ad}$ (4.2)
. , $DJ(q^{*})(q-q^{*})$ $J(q)$ $q=q^{*}$ $q-q^{*}$ ^
G\^ateaux . Theorem 3.2 $q\in \mathcal{P}arrow y(q)\in W(0, T)$ , G\^ateaux





$W(O, T)\mapsto C([0, T];L^{2}(\Omega))\cap L^{2}(0, T;L^{2}(\Omega))$ (43)
, Theorem 3.1 .
Theorem 4.1 $\mathcal{P}_{ad}\subset \mathcal{P}=L^{\infty}(\Omega)^{3}$ , (4.1)
$q^{*}\in \mathcal{P}_{ad}$ .
( ) $J$ $\{y(q_{n})\},$ $q_{n}\in \mathcal{P}_{ad}$ . $\mathcal{P}_{ad}$ , $q_{nk}arrow$
$q^{*}$ in $\mathcal{P}$ $\{q_{nk}\}$ $q^{*}\in \mathcal{P}_{ad}$ . , Theorem 3.1 ,
$y(q_{nk})arrow y(q^{*})$ in $W(O, T)$ ,
$\inf_{q\in d}J(q)=\lim_{n\infty}J(q_{n})=J(q^{*})$
, $q^{*}=(a^{*}, b^{*}, c^{*})$ .
Remark 4.1 $\mathcal{P}_{ad}$ $P>n$ $W^{1,p}(\Omega)^{3}$ , $\mathcal{P}_{ad}$ $L^{\infty}(\Omega)^{3}$
.
Remark 4.2 $z_{d}\in L^{2}(0, T;H_{0}^{1}(\Omega))$ , 2 $J(q)$
, $q^{*}\in \mathcal{P}_{ad}$ .
$J(q)=\Vert y’(q)-z_{d}\Vert_{L^{2}(0,T;H_{0}^{1}(\Omega))}^{2}$ .
4.2
$\mathcal{P}_{ad}$ $\mathcal{P}$ , $q^{*}=(a^{*}, b^{*}, c^{*})$ $\mathcal{P}_{ad}$ $J(q)$
. (ii) , $q^{*}$ (4.2)
. (4.1) $q^{*}$ (4.2) ,
.
$\int_{0}^{T}(y(q^{*};t)-z_{d}(t), z(t))dt+(y(q^{*}; T)-z_{d}^{T}, z(T))\geq 0$ , $\forall q\in \mathcal{P}_{ad}$ . (4.4)
, $z=Dy(q^{*})(q-q^{*})$ , $\overline{q}=q-q^{*}$ (3.10) .
(4.4) , . $P=p(q^{*})$
, .
$\{\begin{array}{ll}\frac{\partial^{2}p}{\partial t^{2}}-\nabla\cdot((a^{*2}(x)+a_{0})\nabla p+(b^{*2}(x)+b_{0})\frac{\partial p}{\partial t}) =\partial_{y}F(y^{*})’(c^{*}(x)p)+y^{*}-z_{d} in Q,p=0 on \Sigma, p(T, x)=0, \frac{\partial p}{\partial t}(T, x)=-(y^{*}(T, x)-z_{d}^{T}(x)) in \Omega. \end{array}$ (4.5)
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, $y^{*}=y(q^{*})$ , $\partial_{y}F(y^{*})’$ Frechet $\partial_{y}F(y^{*})$ .
$y^{*}-z_{d}\in L^{2}(Q)=L^{2}(0, T;L^{2}(\Omega))$ , $y^{*}(T)-z_{d}^{T}\in L^{2}(\Omega)$ (4.6)
, (4.5) 1 $P$ .
Theorem 4.2 $q^{*}=(a^{*}, b^{*}, c^{*})$ , 2 1
.
$\{\begin{array}{ll}\frac{\partial^{2}y^{*}}{\partial t^{2}}-\nabla\cdot((a^{*2}(x)+a_{0})\nabla y^{*}+(b^{*2}(x)+b_{0})\frac{\partial y^{*}}{\partial t})=c^{*}(x)F(y^{*})+f in Q,y^{*}=0 on \Sigma, y^{*}(O, x)=y_{0}(x), \frac{\partial y^{*}}{\partial t}(0, x)=y_{1}(x) in \Omega. \end{array}$ (4.7)
$\{\begin{array}{ll}\frac{\partial^{2}p^{*}}{\partial t^{2}}-\nabla\cdot((a^{*2}(x)+a_{0})\nabla p^{*}+(b^{*2}(x)+b_{0})\frac{\partial p^{*}}{\partial t}) =\partial_{y}F(y^{*})’(c^{*}(x)p)+y^{*}-z_{d} in Q,p^{*}=0 on \Sigma, p^{*}(T,x)=0, \frac{\partial p}{\partial t}(T, x)=-(y^{*}(T, x)-z_{d}^{T}(x)) in\Omega. \end{array}$ (4.8)
2 $\int_{Q}\nabla p^{*}\cdot(a^{*}(a-a^{*})\nabla y^{*}+b^{*}(b-b^{*})\nabla\frac{\partial y^{*}}{\partial t})dxdt-\int_{Q}p^{*}(c-c^{*})F(y^{*})dxdt\leq 0$,
$\forall q=(a, b, c)\in \mathcal{P}_{ad}$ . (4.9)
, $y^{*}=y(q^{*}),$ $p^{*}=p(q^{r})$ .
( ) (4.8) (3.10) $z$ , (4.4) .
(4.9) , Bang-Bang .
$\mathcal{P}_{ad}$ ,
$\mathcal{P}_{ad}=\mathcal{P}_{ad}^{a}\cross \mathcal{P}_{ad}^{b}\cross \mathcal{P}_{ad}^{c}$ , $\mathcal{P}_{ad}^{a},$ $\mathcal{P}_{ad}^{b},$ $\mathcal{P}_{ad}^{c}\subset L^{\infty}(\Omega)$ . (4.10)
. , (4.9) 3 .
$\int_{Q}\nabla p^{*}\cdot(a^{*}(a^{*}-a)\nabla y^{*})dxdt\geq 0’$ , $\forall a\in \mathcal{P}_{ad}^{a}$ . (4.11)
$\int_{Q}\nabla p^{*}\cdot(b^{*}(b^{*}-b)\nabla y^{n\prime})dxdt\geq 0$, $\forall b\in \mathcal{P}_{ad}^{b}$ . (4.12)
$\int_{Q}(c-c^{*})p^{*}F(y^{*})dxdt\geq 0$ , $\forall c\in \mathcal{P}_{ad}^{c}$ . (4.13)
$c^{*}$ (4.13) . , $\gamma_{0},$ $\gamma_{1}\in L^{\infty}(\Omega)$
$\mathcal{P}_{ad}^{c}=\{c(x) : \gamma_{0}(x)\leq c(x)\leq\gamma_{1}(x)a.e. x\in\Omega\}$ (4.14)
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. (4.13) Lebesgue , $a.e$ . $t\in[0, T]$
$\int_{\Omega}(c(x)-c^{*}(x))p^{*}(t, x)F(y^{*}(t, x))dx\geq 0$ , $\forall c\in \mathcal{P}_{ad}^{c}$ (4.15)
. (4.15) $t$ . $c^{*}$
Bang-Bang . , $a.e$ . $x\in\Omega$ ,
$\{\begin{array}{ll}p^{*}(t, x)F(y^{*}(t, x))>0 \text{ }, c^{*}(x)=\gamma_{0}(x),p^{*}(t, x)F(y^{*}(t, x))<0 \text{ }, c^{*}(x)=\gamma_{1}(x)\end{array}$ (4.16)
. $a^{*},$ $b^{*}$ (4.11), (4.12) Bang-Bang .
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